The process of magnetic reconnection when studied in Nature or when modeled in 3D simulations differs in one key way from the standard 2D paradigmatic cartoon: it is accompanied by much fluctuations in the electromagnetic fields and plasma properties. We developed a new diagnostics, the topographical fluctuations analysis (TFA) to study the spectrum of fluctuations in the various regions around a reconnection site. We find that fluctuations belong to two very different regimes.
The cartoon image of reconnection is laminar. Reconnection is thought as two flied lines coming together from regions of opposite magnetic polarity, breaking and reconnecting to form two new field lines with different topological connection [1] . The process is associated with considerable magnetic energy release into kinetic particle energy. This picture naturally associates great value into the central point where the field lines touch and reconnect, the x-point as it is called. In 2D thinking this model is extremely powerful and can explain much if not most of what is observed. The magnetospheric multiscale (MMS) mission confirmed or uncovered many features of reconnection that can be understood within this paradigm [2] .
However, it has long been known that reconnection is also associated with waves and fluctuations [3] . MMS has reconfirmed this point [4, 5] . In recent studies focused on dayside reconnection, where MMS spent the first phase of its mission, the presence of fluctuations has also been reproduced in full kinetic particle simulations [6] . We look here at the conditions expected for fluctuations in the nightside of the Earth magnetosphere, the magnetotail.
The conditions are different because the magnetotail has symmetric density, magnetic field (and plasma beta). Additionally the dayside can have a strong field in the out of plane direction (called guide field and directed in the dawn-dusk direction along the Earth rotation) while in the tail such field is usually rather weak.
In the present letter, we consider the different regimes of fluctuation present in different regions around a reconnection site for conditions typical of the magnetotail. To reach this goal we developed a new investigation method, the topographical fluctuations analysis (TFA) designed to provide statistical information on the fluctuation spectra in different regions.
The outcome of the study is perhaps surprising and certainly at considerable variance with the results obtained in the magnetopause [6] . We identify two regimes of fluctuations. One in the outflow leads to a turbulent regime where the fluctuations involve both fields and particles. In the inflow and separatrix region, instead, the fluctuations involve only the fields without affecting the particles.
The two regimes differ much in practical consequences. The outflow MHD regime is capable of inducing a strong and turbulent energy exchange as well as strong anomalous momentum exchange dominated primarily by the electrostatic term in Ohm's law. The inflow regime, instead, does not lead to substantial fluctuations in the energy exchange nor significant momentum anomalous dissipations. This is very different from the magnetopause where fluctuations-induced anomalous effects are strongly present also in the separatrix and even electron diffusion region [6] .
We present a visual analogy to understand this regime. We compare the electromagnetic fluctuations with the strings of a violin and the plasma motion around a reconnection site as a bow of a violin: the strings vibrate under the continuous friction of the bow. The inflow and separatrix fluctuations are similar: the electromagnetic fields oscillate under a continuously streaming plasma. But the streaming plasma does not vibrate, just like the bow of a violin moves smoothly in the expert hands of a violinist.
Our investigation uses a 3D fully kinetic particle in cell approach based on the code iPic3D [7] . The present simulation has a mass ratio m i /m e = 256, v the /c = 0.045, T i /T e = 5. The initial condition is that of a Harris sheet with thickness L/d i = 0.5 in a domain where the initial magnetic field is along x with size L x = 40d i , the initial gradients are along y with L y = 15d i . The third dimension, where the initial current is directed, is initially invariant with L z = 10d i . Open boundaries are imposed in x and y and periodicity is assumed along z.
The Harris plasma density peaks in the central plane y = L y /2 and decays exponentially to zero along y. The real magnetotail has a non zero asymptotic density and to increase the level of fidelity we also add a background of 10% of the peak Harris density. We choose to set the simulation initially in the ion rest frame so that all the current is initially carried by the electrons. In this frame then the background plasma is not drifting and the overall system has no velocity shear (since the electron mass is much smaller and the center of mass speed is essentially the speed of the ions that is initially zero). This choice avoids the presence of shear-driven modes that tend to kink the current sheet, an effect that would have complicated the interpretation of the fluctuations [8] . The four plasma species (ions and electrons in the Harris and background) are each described by 125 particles per cell (with non uniform weight in the case of the Harris species). The grid has 512x192x128 cells, resolving well the electron skin depth, in the reconnecting background plasma ∆x ≈ 0.4d e,b (the initial Harris plasma is quickly swept away by reconnection). The time step also resolves equally well the electron cyclotron frequency, even in the strongest field, ω ce,Bmax ∆t ≈ 0.3 (and even better in more average fields). A cut through the mid plane ( Fig. 1-a) highlights the structure of these fluctuations. A quasi-periodic repeating pattern is evident but a study based on 1D Fourier decomposition along z (see Fig. 1 -c) reveals a turbulence-like non linear cascade of Fourier modes along z [9] . The spectrum in k z is rather similar in all regions at different distances from the reconnection site including the electron diffusion region itself. Note that the spectrum is normalized to its integral for each x, the fluctuation levels are much weaker in the central reconnection region than in the outflow but the spectrum in k z is rather invariant, denoting an independence to the original mechanism producing the fluctuations and the establishment of a non-linear turbulent cascade.
The spatial invariance of the spectrum of k z might be indicative of a common cause. The fluctuations around the reconnection region are caused by the drift of the species, different for electrons and ions. In the inflow along the separatrices (see Fig. 3-b) , the electrons drift causes instabilities due to the relative ion-electron drift (Buneman instability [10, 11] ) and between different electron populations [12] . In the outflow, the dominant instability is the lower hybrid drift instability due to the strong density gradients formed in the pile up region where the outflow meets the ambient plasma [13, 14] and the unfavorable curvature of the field lines contributes to driving the instability [15] . Once the fluctuations are generated a process of nonlinear cascade ensues leading to a turbulent behavior [16] [17] [18] To define the TFA, we subdivide the range of Ψ into 100 3D regions between two surfaces at two consecutive values of Ψ. The regions are 3D because Ψ is defined in every z plane.
The region around Ψ = 0, by construction, is centered on the reconnection site.
We then measure in each of these regions how the fluctuations for a given quantity are The approach is based on the demographic analogy. What we do in essence is bin all people into 100 income groups from the richest to the poorest person in the city, and measure the number for each income bin in each city district. The result is a 2D map where for each district we know the count of incomes. In our study we obtain the count of fluctuation levels The resulting analysis is shown in Fig. 2 . What can be observed is the fluctuation range, defined with a sign because fluctuations can be positive or negative relative to the mean.
In each panel we can observe the fluctuation spectrum in the region where the separatrices meet (around Ψ = 0), in the inflow ( Ψ < 0) and in the outflow ( Ψ > 0). The precise location corresponding to a given value of Ψ can be obtained form Fig. 1-d . Each row in Fig. 2 corresponds to an energy channel. From the top, we report first the electromagnetic energy exchange between Poynting flux and magnetic energy (the electric field energy is negligible in our simulation where the speeds remain much below the speed of light). Next we report the electron energy exchange with the electromagnetic field and the electron particle energy flux (inclusive of all energy fluxes: bulk, enthalpy and heat flux).
Finally the ions are shown.
The most surprising feature is that in the inflow (Ψ < 0) and reconnection region proper jump to the conclusion that there is no energy exchange. Figure 3 shows the electron bulk flow and the electron energy exchange rate with the electric field. The energy exchange is just as large in the central and separatrix region as it is in the outflow, but it remains laminar.
We propose a musical analogy: as a violin player slides the bow over a string, the string vibrates at high frequency emitting the music but the bow moves regularly and smoothly, transferring its energy to the string monotonically. Over each swipe of the bow the string vibrates many times, but the bow moves steadily at constant speed. What we see in this violin-like fluctuation regime is that the electromagnetic fields fluctuate but the particles act as a laminar flow. The fluctuations do not carry over to the particles: the waves act in an average way and the particles gain or loose energy in an average sense.
The regime in the outflow is more well known and is characterized by fields and plasma species fluctuating together. This process develops fully only in the pile up regions at the end of the outflows. Previous studies already identified a developing turbulence in this region and the reader is referred to those for more details [9, 14, 19, 20] .
A key consequence of these two distinctly different regimes of fluctuation is that the violinlike regime should be incapable of really affecting the momentum equation by producing an anomalous term because it is incapable of forcing fluctuations in the plasma species.
Conversely, the fluctuation regime in the outflow could lead to strong anomalous effects.
The study of anomalous momentum exchange rates is based on the generalized Ohm's law and on considering for each quantity an average value and the fluctuations. For the electric field for example, E = E + δE. Substituting the decompositions for each quantity into the generalized Ohm law and averaging it along z, one obtains [21] :
where the anomalous terms Ξ are:
where the three fluctuation-supported terms are the electrostatic (aka anomalous resistivity), inertia and electromagnetic (aka anomalous viscosity [6] ) terms. The fluctuations of the pressure tensor in this formalism do not produce anomalous effects. 
